Introduction
A major circulatory hazard of the treatment of severe anaemia by blood transfusion is pulmonary oedema. SharpeySchafer (1945) elucidated its mechanism when he showed that in severe anaemia the heart is abnormal in many respects, and as a result an increase in venous pressure produced by direct transfusion may lead to heart failure, particularly in patients with haemoglobin levels of less than 30%. If anaemic cardiac failure is already established or is imminent then the conventional method of correcting the anaemia by slow direct transfusion of packed blood cells is clearly contraindicated. The problem is how to raise the haemoglobin and red cell volume in these patients without increasing the venous pressure and circulating blood volume. One way of overcoming this difficulty is by partial exchange transfusion (Fullerton and Turner, 1962) , in which an infusion of about 1,200 ml. of packed blood cells is given and a concurrent venesection of approximately 1,400 ml. is performed. Another technique, which is more practical, was first reported by Ledingham (1964) . This is the use of a rapidly acting diuretic such as ethacrynic acid in combination with a small direct transfusion of packed blood cells.
In non-pregnant patients with hypertension, Dollery, Parry, and Young (1964) have shown that within four hours of ingestion oral ethacrynic acid caused an acute intense diuresis and a reduction of plasma volume. This change in plasma volume apparently persisted, because in six patients with hypertension and in three normotensive subjects the use of oral ethacrynic acid for four to seven days still caused some reduction (albeit insignificant) in total blood volume on the last day of therapy (Nash et al., 1966) .
In this study the diuresis and changes in plasma volume which accompany the use of parenteral ethacrynic acid during blood transfusion are described. The results confirm the preliminary impression (Harrison and Lawson, 1966) 
Patients
Twenty patients with severe anaemia during pregnancy or in the puerperium were studied ( Table I ). The haematocrit (P.C.V.) levels of their venous blood samples varied between 6 and 14%. Six of the pregnant patients and one of those recently delivered were in anaemic heart failure on admission with oedema, raised jugular venous pressure, and orthopnoea. Each of the 20 patients was treated by direct transfusion of 500 ml. of packed blood cells to which was added parenteral ethacrynic acid in various doses so as to assess which was most effective in promoting diuresis and avoiding an excessive increase in blood volume during transfusion.
To provide a comparison a group of 10 anaemic pregnant patients who received direct transfusion without ethacrynic acid were also studied. They were similar to the first group in physique and gestation, but in most cases the anaemia was less profound, with the P.C.V. levels varying between 10.5 and 17.0% ; it was less than 14% in only two patients. None was in anaemic heart failure.
In both groups of patients the nature of anaemia was typical of the pattern found in Ibadan (Harrison, 1967 (Lawson and Stewart, 1967) . Whatever its cause, this haemolysis could also produce folic acid deficiency, and in 27 patients the bone marrow was megaloblastic. No patients were anaemic because of blood loss or iron deficiency, the latter being extremely rare among pregnant women in Ibadan. No patient had a concurrent heart disease. There was some impairment of renal function in five patients, since their blood urea levels were above 30 mg. but less than 70 mg./100 ml. Four of these five patients (Cases 3, 9, 11, and 13) received ethacrynic acid. Clinically dehydrated patients were excluded from this study.
Method
Plasma volume was measured by the Evans blue dye dilution technique, and P.C.V. of venous blood by the microhaematocrit method. The details of these methods have been described elsewhere (Harrison, 1967) . These measurements as well as serum electrolytes were made 40 minutes before transfusion, and they were repeated within 30 minutes of completion of the transfusion.
Urine passed during transfusion was collected hourly through an indwelling Foley catheter. Serum and urinary electrolyte concentrations were estimated by flame photometry and chlorides by standard electrometric titration.
To reduce variations due to changes in posture and hydration the patients were starved for at least four hours; they were semireclining and confined to bed for one hour in an air-conditioned room, where the measurements were made and (6) 16 (5) Potassium 3-3 (9) 7-1 (9) 5-3 (9) 4-6 (9) 4-7 (6) 4-8 (5) Chloride.. 18 (6) 51 (7) 47 (7) 34 (7) 28 (5) In the controls similar mean values of serum electrolytes were found, and the average hourly urinary volume during transfusion was only 67 ml.
Side-effects
Only two patients had abdominal cramps associated with diarrhoea in one and with mild vomiting in the other.
Foetal Results
Seventeen of the 18 pregnant patients who received ethacrynic acid had normal babies. Only one very macerated foetus was lost through a spontaneous abortion in Case 11.
This patient was grossly anaemic and was already in heart failure before treatment was started. Possibly as a result of this the foetus died in utero, before its abortion two days after transfusion.
Discussion
Each of the 20 anaemic patients in the group given ethacrynic acid had an initial haemoglobin level of less than 5 g./ 100 ml, and was therefore at some risk of developing pulmonary oedema during the course of direct transfusion of packed blood cells. Indeed, seven patients were already in anaemic heart failure before transfusion was begun. However, the addition of 50 mg. of ethacrynic acid was effective in the prevention and treatment of pulmonary oedema provided the volume of packed cells was restricted to 500 ml. The rapid and intense diuresis of water and salt produced a contraction of extracellular fluid volume, and this by itself was apparently beneficial whether there was a reduction of total blood volume or not.
There are other explanations for the clinical improvement which occurred in these anaemic patients. For example, in patients with cardiac disease Samet and Bernstein (1968) noted a significant reduction of cardiac index, left atrial pressures, and pulmonary blood volume after intravenous ethacrynic acid. Possibly, similar physiological changes may be produced in severe anaemia. If so, such changes could relieve orthopnoea and also reduce the increased work of the heart towards normal levels.
It would thus appear that some other diuretics capable of reducing extracellular fluid volume might be useful in the management of severe anaemia by blood transfusion. However, in practice, only frusemide has given good results (Lewis, 1966 ; Krishnankutti, 1967) . The slower-acting diuretics such as mersalyl and hydroflumethiazide do not minimize the risk of circulatory overload and pulmonary oedema when patients suffering from severe anaemia are treated by direct blood transfusion (Harrison and Lawson, 1966 Side-effects caused by ethacrynic acid were few, presumably because of the use of a single dose in preference to prolonged oral administration. Teratogenic effect on the foetuses did not occur, and its absence might be due to the fact that the drug was used after 20 weeks' gestation, when organogenesis was already completed. The addition of ethacrynic acid to the bottle of packed blood cells did not appear to have any obvious deleterious effects; Ledingham (1964) reported the same experience.
There are, however, contraindications to the use of ethacrynic acid. Bearing in mind that agranulocytosis (Ledingham and Bayliss, 1965) and hepatocellular damage (Datey et al., 1967) with hepatic coma (Sherlock et al., 1966) 
